In this study, an ethanol extract of Agave lechuguilla was evaluated against six carcinogenic cell lines (HCT-15, MCF-7, PC-3, U-251, SK-LU-1 and K-562) with an inhibition of 75.7 ± 2.3% against the SK-LU-1 line. Based on the previous result, the extract was hydrolyzed and fractionated, to which the IC 50 was determined; the cell line was more sensitive to the fractionated extract with an IC 50 6.96 ± 0.15 µg/mL. Characterization by mass spectrometry showed the presence of kaempferol, quercetin and a flavonoid dimer formed by afzelechin-4β-8-quercetin, according to the generated fragmentation pattern. The fractionated extract presented cell death by apoptosis with 39.8% at 24 h. Molecular docking was performed with the molecules found to try to describe cell death by apoptosis through death receptors such as FasCD95, TNF-R1, DR4/5 and blocking signaling on the EGFR and K-Ras MAPK/ERK pathway, as well as through the intrinsic pathway activating tBID, which promotes the amplification of the apoptotic signal due to the activation of caspase-3, and consequently caspase-7. In addition to the activation of the IIb complex associated with cell death due to necroptosis.
Introduction
Cancer is one of the main health problems worldwide; the disease is characterized by abnormal cell growth and invasive behavior [1] . In 2018, lung cancer is the leading cause of death among different types of cancer, with 1,761,007 deaths reported for both sexes in all ages worldwide, representing 18.4% of deaths associated with cancer [2] . The cancer genome is incredibly complex, showing uncontrolled cell growth [3, 4] , and in particular lung cancer is highly invasive and prevalent disease that arises as a malignant tumor in the cells of the respiratory tract of the epithelium [5] . The results of spectometry show the presence of kaempferol (Figure 1a ), quercetin ( Figure 1b ) and the dimer of flavonoid (afzelechin 4β-8 quercetin) (Figure 1c ). Primary screening on six cancer cell lines using ethanolic extract of A. lechuguilla at 50 µg/mL (Table 3) , showed growth inhibition on the SK-LU-1 cell line in 75.7 ± 2.3% inhibition, followed by the HCT-15 line with 33.4 ± 3.6%, being the most sensitive to the extract, and compared to healthy cells, which were only inhibited in 1.2 ± 0.5%. The most sensitive line against the A. lechuguilla extract was SK-LU-1 (lung). Note that the two cell lines (HCT-15 and SK-LU-1) most sensitive to the extract fraction are K-Ras mutants. Due to the sensitivity of the SK-LU-1 line to the extract, the IC50 of the (a) ethanolic extract (EE), (b) hydrolyzed extract (HE) and the c) extract fraction (EF) of A. lechuguilla was determined on the SK-LU-1 cell line. The IC50 of the ethanolic extract (EE) was 109.40 ± 0.07 µg/mL, compared to the hydrolyzed extract (HE) of 133.9 ± 0.10 µg/mL, whose value increases due to the presence of free sugars, which probably work as a substrate for the SK-LU-1 cell line, so that the inhibitory power is reduced. Moreover, it was found that for the extract fraction (EF) of A. lechuguilla the IC50 was 6.96 ± 0.15 µg/mL, the concentration required decreases at the same time by reducing the viability 15.7 times with respect to the ethanolic extract, due to the enrichment of active phenolic compounds, lower concentration of polar compounds and the elimination of free sugars. The results of IC50 at 24 and 48 hours of exposure, showed that the most promising treatment is better at higher dose in Primary screening on six cancer cell lines using ethanolic extract of A. lechuguilla at 50 µg/mL (Table 3) , showed growth inhibition on the SK-LU-1 cell line in 75.7 ± 2.3% inhibition, followed by the HCT-15 line with 33.4 ± 3.6%, being the most sensitive to the extract, and compared to healthy cells, which were only inhibited in 1.2 ± 0.5%. The most sensitive line against the A. lechuguilla extract was SK-LU-1 (lung). Note that the two cell lines (HCT-15 and SK-LU-1) most sensitive to the extract fraction are K-Ras mutants. Due to the sensitivity of the SK-LU-1 line to the extract, the IC 50 of the (a) ethanolic extract (EE), (b) hydrolyzed extract (HE) and the c) extract fraction (EF) of A. lechuguilla was determined on the SK-LU-1 cell line. The IC 50 of the ethanolic extract (EE) was 109.40 ± 0.07 µg/mL, compared to the hydrolyzed extract (HE) of 133.9 ± 0.10 µg/mL, whose value increases due to the presence of free sugars, which probably work as a substrate for the SK-LU-1 cell line, so that the inhibitory power is reduced. Moreover, it was found that for the extract fraction (EF) of A. lechuguilla the IC 50 was 6.96 ± 0.15 µg/mL, the concentration required decreases at the same time by reducing the viability 15.7 times with respect to the ethanolic extract, due to the enrichment of active phenolic compounds, lower concentration of polar compounds and the elimination of free sugars. The results of IC 50 at 24 and 48 hours of exposure, showed that the most promising treatment is better at higher dose in shorter period. Cytotoxicity data with the ethanolic extract of A. lechuguilla found an IC 50 at 89.0, 128.0 and >150.0 µg/mL of extract against cell lines HeLa, Vero and MCF-7, respectively [27] . Furthermore, for quercetin on lung cells an IC 50 of 34.15 ± 10.82 µg/mL has been reported [28] , a concentration five times higher than the one found by the enriched extract of this study. The extract of the fraction of A. lechuguilla turned out to be the one with greater inhibitory effect, therefore, the induction of apoptosis was determined by the translocation assay of phosphatidylserine, demonstrating apoptosis induction. The results show an early apoptosis in the right lower quadrant of Figure 2 (Annexin V + /7-AAD − ) with 3.56% at 6 h and 17.30% at 24 h, and a late apoptosis in the upper right quadrant (Annexin V + /7-AAD + ) that goes from 5.96 to 6 h until reaching a value of 22.5% at 24 h. It was important to include positive and negative controls in this experiment to ensure that the cell population of SK-LU-1 was a true reflection of the events that were taking place after treatment with the fractionated extract of A. lechuguilla. Total apoptosis (programmed cell death) is the sum of early and late apoptosis, as reported in Table 4 . At 6 h there is 14.56% of total apoptosis and 20.11% at 12 h, doubling the effect at 24 h with 39.80% total apoptosis. It is highlighted that cell death, due to necrosis, is lower at 24 h with 0.99%, it can be associated that the extract has a controlled death of these cells. One strategy to improve our comprehension of apoptotic mechanisms, it was in silico studies, that look in space for the most favorable energetic conformation of a protein-ligand complex activating the signaling cascades or inhibiting the receptors as the case may be [29, 30] . In T cells type I, cell death signaling by the extrinsic pathway is sufficient to carry out the apoptosis. In this case the SK-LU-1 lung cells are type II, which means that they require an amplification of apoptotic signaling through the extrinsic and intrinsic pathways. The results of the interactions of the ligands and proteins by molecular docking are shown in Table 5 ; they determine the spontaneity of the reaction due to its negative free energy, hydrogen bonding, polar and hydrophobic interactions. The biflavonoid (afzelechin 4β-8 quercetin) activated the membrane receptor TNF-R1, forming hydrogen bonds with the T89 residue, polar interactions with S81, N92 and E135, as well as non-polar Total apoptosis (programmed cell death) is the sum of early and late apoptosis, as reported in Table 4 . At 6 h there is 14.56% of total apoptosis and 20.11% at 12 h, doubling the effect at 24 h with 39.80% total apoptosis. It is highlighted that cell death, due to necrosis, is lower at 24 h with 0.99%, it can be associated that the extract has a controlled death of these cells. One strategy to improve our comprehension of apoptotic mechanisms, it was in silico studies, that look in space for the most favorable energetic conformation of a protein-ligand complex activating the signaling cascades or inhibiting the receptors as the case may be [29, 30] . In T cells type I, cell death signaling by the extrinsic pathway is sufficient to carry out the apoptosis. In this case the SK-LU-1 lung cells are type II, which means that they require an amplification of apoptotic signaling through the extrinsic and intrinsic pathways. The results of the interactions of the ligands and proteins by molecular docking are shown in Table 5 ; they determine the spontaneity of the reaction due to its negative free energy, hydrogen bonding, polar and hydrophobic interactions. The biflavonoid (afzelechin 4β-8 quercetin) activated the membrane receptor TNF-R1, forming hydrogen bonds with the T89 residue, polar interactions with S81, N92 and E135, as well as non-polar interactions with P90. By the extrinsic pathway, the bond with TNF-R1, activated procaspase-8 to form complex IIa (Caspase-8, FADD and RIP1), and thus, to activate Caspase-8 which in turn activates Caspase 3, and induces apoptosis, or the formation of the IIb complex (Caspase-8, FADD, RIP1, RIP3 and MLKL), thus, activating the necroptosis pathway. Moreover, the activation of DR4 is generated by the formation of hydrogen bonds with T129 and polar interactions with H270, in addition to non-polar interactions with C180 and V152. Experimental data indicate that the residues that activate this receptor (DR4) and its activation, send the signal to acetylate the adapter protein FADD, and to activate caspases 8 and 10, which at the same time activate caspase 3 to trigger apoptosis.
Also by the extrinsic pathway, the binding with the Fas/CD95 receptor acetylates to caspase 8 and 10, this ternary complex is commonly known as DISC composed of Fas, FADD and caspases-8 and -10 [31] , which triggers activation of caspase 3, inducing apoptosis. By the intrinsic pathway of the mitochondria-dependent apoptosis, activation by the diflavonoid may be due to the fact that it is a stress promoter for the cell, which culminates in the mitochondrial outer membrane permeabilization (MOMP), allowing the release of proteins from the mitochondrial intermembrane space. This happens in T cells type II because the apoptotic signal needs to be amplified by caspases 3 and 7 [32, 33] . In case the biflavonoid crosses the cell membrane, by active transport of K + /Na + pumps or even by the calcium-sodium ion exchanger, it can activate the signaling cascade of the binding with the Fas/CD95 receptor by the direct interaction of the biflavonoid with tBID through the R71 and S78 residues; however, BID (BH3 interacting-domain death agonist)is directly activated by caspase 8, generating a tBID, moving to the mitochondria to release cytochrome C (prior stimulation of the Bax-Bak complex, members of the pro-apoptotic Bcl-2 family) [32] , to immediately form the caspase-9 Apaf1 complex, which activates caspase-6 and caspase-3 to induce apoptosis. Quercetin interacts with TNF-R1 by hydrogen bonds with residues T89 and T147, by polar interactions with residues N92, N34, T147, P90 and V91, as well as by non-polar interactions, which can generate complexes IIa and IIb; the latter complex mostly has non-polar interactions with RIP1 in residues V75, V76, L78, M92 and L129. Polar interactions with MLKL and residues R210, Q236, E250, K331 and N336 can generate cell death due to necroptosis. At the same time, quercetin activates DR4 by hydrogen bonds with the T129 residue and by E155 by polar interaction, by the extrinsic pathway. By the intrinsic pathway, it could be activated only if it could cross the cell membrane since it only interacts with tBID through hydrogen bonds with R63, R71, and S78, that generate cytochrome C and the activation of caspase-3, and this can activate caspase-7.
Kaempferol is the only molecule that interacts with the Fas/CD95 receptor via a hydrogen bond with the W189 residue, this means that the extrinsic/intrinsic pathways can be equally activated, followed by the RIP complex with caspase-8, -10, activate BID; it becomes tBID through a translocation (that can be activated with interaction by a hydrogen bond with S78), and sends a signal to the BAX complex (polar interactions with D31, N31, S98, T151, S154, L203)-BAK that stimulates cytochrome C to form Apaf-1 with caspase-9 and to induce apoptosis by the activation of caspase-3 (shows hydrogen bonds interactions with H121, Q161, C163, R64, Q161 and A162, and polar interactions R64, E123, Y204 and R207). - 
In silico studies with ginsenosides (steroids, glycosides and triterpenoid saponins) have shown the activation of Bax with threonine and asparagine residues [34] , as in this study. In addition to the DR4 receptors, mostly with polar interactions with T129, E155, R158 and H27, and DR5 R39 and D40. In spite of not activating the TNF-R1 receptor, the action of kaempferol with the complex IIb that generates death by necroptosis was simulated. For this complex, the mechanism where RIP1 and RIP3 present nucleation has been proposed, a model in which the activation of RIP1 and RIP3 kinase and the RIP1/RIP3 amyloid scaffold reinforce each other. The amyloid scaffold can function as a crucial platform to recruit other components, such as MLKL (Mixed Lineage Kinase domain-Like protein), and to trigger the execution mechanisms of necroptosis [35] . RIP1 mostly present non-polar interactions (phosphorylations) with L70, L78, L90 and M92, which add up to necroptosis signaling; MLKL mainly presents polar interactions with residues R210, K230, E250, S335, N336 and E351. From phosphorylated RIP3, the activation of MLKL to phosphorylated MLKL, specifically in the residues of threonine and serine domain in their N-terminus, is necessary, but not sufficient to carry out necroptosis [31, 35] . Docetaxel was the ligand as positive control, demonstrating the activation of the signaling cascade in the receptors of the cell membrane of TNF-R1 and DR4/5. Hydrogen bonds were generated in each receptor with T89 for TNF-R1, and R158 and S22 for DR4/5, which activate TRADD acetylases (TNF-R1) that directly stimulate caspase 8 and FADD (DR4/5), to the complex caspases 8 and 10, which at the same time stimulate caspase-3 that triggers cellular apoptosis, all of this via the extrinsic pathway.
Several genetic alterations have been described in NSLC, with EGFR, K-Ras and ALK being the most frequently altered oncogenes, which act as genomic drivers of tumors [36] . EGFR acts as a promoter in cell growth, proliferation and mortality. Kaempferol and the quercetin potently inhibit the intracellular phosphorylation of EGFR, due to its free energy that oscillates between −6.16 to −6.82 Kcal/mol, with polar interactions with D238 and exclusively hydrogen bridges with S262. The complex formed by these flavonoids activates the cytoplasmic domain of the tyrosine kinase receptor. Ras activates Raf kinase, by phosphorylation, and it should be mentioned that Ras mutated to K-Ras in this type of cancer is characterized by the fact that it leads to uncontrolled growth of the cell. However, the results of the molecular docking of K-Ras show a strong interaction of kaempferol, quercetin and the biflavonoid, which together inhibit this proliferation. K-Ras works as a switch (on/off) in signaling. When Ras works normally, it controls cell proliferation, but when it is mutated, control is interrupted and can proliferate continuously. By inhibiting the K-Ras kinase, K-Ras cannot phosphorylate MEK (MEK1 and MEK2), and through molecular docking, it was shown that there is no interaction between MEK and the flavonoids complex, which is favorable to stop the signaling pathway. Molecular docking showed that MAPK activation, despite not being desired, occurs at very high concentrations, 1000 times that of the flavonoids complex (3.08-11.70 × 10 3 µM) compared to inhibition concentrations against EGFR or K-Ras. That is, the concentration of the flavonoids should be very high to function as promoters in MAPK. By inhibiting this pathway, cell non-proliferation is associated, and since kaempferol, quercetin and biflavonoid activate death receptors by extrinsic and intrinsic pathways associated with apoptosis, cell proliferation decreases.
TGF-β participates both as an activator or suppressor of cell proliferation, suppressing tumors in normal cells, but promoting them in malignant cells [37] , while MRP1 acts as a chemoprotector at the cellular interface and in the systemic circulation of multiple tissues [37, 38] , whose role contributes to drug sensitivity. In both cases by molecular docking, there were no interactions with the flavonoids.
The bioflavonoid (afzelechin 4β-8 quercetin) binds to the receptor TNF-R1 (Figure 3a ) and DR4 (Figure 3b) , and quercetin binds to TNF-R1 (Figure 3e ) and DR4 (Figure 3f ), activating death cell signaling by apoptosis; previously explained. Biflavonoid and the quercetin, activate the same death receptors, present the same type of interactions by hydrogen bonds with T89, polar interactions with N92 and non-polar interactions with P90, for TNF-R1; while for the DR4 receptor they only generate similar hydrogen bonds with T129. This may be due to the fact that the flavonoid contains a unit of quercetin in its molecule, part of these interactions are the same as those presented for quercetin in the form of a monomer. The interaction shown by kaempferol, quercetin and the dimer of flavonoid with tBID, demonstrates the ability to amplify the apoptotic signaling, while kaempferol binds to DR5 (Figure 3d ) and Fas/CD95 (Figure 3c ) which has the peculiarity of activating the intrinsic pathway, and the kaempferol interaction with caspase-3 that helps the same amplification of the apoptosis.
The proteins of the Bcl-2 family can be classified into anti-apoptotic and pro-apoptotic, since there is a fine balance between both by homeostasis, if there is an overexpression of the anti-apoptotic proteins of the BCL-2 family, it prevents the release of cytochrome C from the mitochondria [34] , given the results of simulation, no interactions with Bcl-2 were found; however, kaemperol with the Bax protein, instead of Bak, stimulates the apoptotic signaling cascade. Several studies have shown the activations against specific molecular targets, however, they have not studied the activations of other proteins that amplify the signaling of apoptosis by molecular modeling. In contrast, this study showed that the extract obtained can function as an activator of death receptors, as well as acting as an activator of molecular targets that amplify apoptosis signaling, such as caspase-8 and Bcl-2, in NSCLC [39, 40] .
On the other hand, there are receptors where inhibition is sought, as was the case of EGFR (Figure 3g ) and K-Ras (Figure 3h) , where having high affinity of the ligand for the active site of the receptor (EFGR) and of the protein (K-Ras), thus blocking the signaling cascade that promotes the proliferation of lung cancer cells SK-LU-1.
In addition to the participation of flavonoids in the aforementioned signaling pathways, these also participate in improving the immune response, which may contribute to ameliorate the health status. It is important to consider that even though chemotherapy continues to be the best treatment for cancer, resistance to drugs results in the reduction of intracellular levels of drugs at concentrations lower than therapeutic levels, resulting in poor chemotherapy. This resistance to drugs is increasing, so part of the solution is the search for compounds that selectively kill multidrug resistant cells (MDR), but not the parental cells from which they are derived (non-resistant), a phenomenon called collateral sensitivity (CS). CS is a type of synthetic lethality, wherein the genetic alterations accrued while developing resistance to one agent is accompanied by the development of hypersensitivity towards a second agent [41] . One of the four postulated mechanisms for this collateral sensitivity is the modulation of reactive oxygen species, where antioxidant compounds, such as flavonoids, become relevant. Given the accumulated evidence of the anticancer effects of flavonoids, coupled with little or no damage to normal cells, such as natural antioxidant quercetin whose LD50 is 160 mg/kg body weight, placing it as a potential therapeutic agent for be used in complementary therapy, however, there is also contradictory evidence, since on the one hand it is recognized as an anticancer agent, antiproliferative, chemopreventive, anti-inflammatory, even at the level of clinical trials, but on the other hand it is reported that 2-year studies quercetin showed carcinogenic activity in the kidney of the male rat, at a dose of 40-1900 mg/Kg/day. It is also well known that phenolic compounds at high doses can behave as pro-oxidants and present undesirable effects [42, 43] . [42, 43] . 
Materials and Methods

Plant Material
The A. lechuguilla was collected in San Bartolo (23°09′34.0′′ N 100°34′10.7′′ W) municipality of Villa De Guadalupe, San Luis Potosí State, Mexico in August 2017. The ripe leaves (25-50 cm) were air-dried (40 °C) and powdered (100 mesh).
Ethanolic Extract from A. lechuguilla
The dried powder of A. lechuguilla was extracted by sonication for 90 min with 96% ethanol (1:10 w/v). All the solvent was evaporated to dryness under reduced pressure (40 °C) (Ethanolic extract). 
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Hydrolysis Extract and Its Fractionated Hydrolyzed Extract of A. lechuguilla
Five milliliters of 50% aqueous methanol containing 1.2 M HCl and 0.04% (w/v) ascorbic acid as antioxidant were added to 50 mg of ethanolic extract dried sample. The hydrolysis was performed at 80 • C under reflux for 2 h and the extract was allowed to cool; the extract was subsequently diluted to 10 mL with methanol [44] . For subsequent analyzes 7 mL were evaporated to dryness under reduced pressure (40 • C) (Hydrolyzed extract of lechuguilla).To enrich the extract for phenolic compounds, 3 mL of hydrolysis extract of A. lechuguilla were eluted through a C18 cartridge (Sep-Pak classic, Part No: WAT051910, Water Co.), previous solvation with 3 mL H 2 O (3×); then the cartridge was eluted again with 3 mL H 2 O (3×) and the final 3 mL EtOH (3×) (Fraction extract of A. lechuguilla). All the solvent was evaporated to dryness under reduced pressure (40 • C).
Polyphenol and Flavonoid Total Quantification
The content of total phenolic compounds was determined by the Folin-Ciocalteau method [45] and the total of flavonoids compounds was quantified by the aluminum trichloride method [46] .
Antioxidant Capacity Assays
The antioxidant capacity was determined by TEAC [47] and ORAC [48] .
Mass Spectrometry
The samples were filtered (0.22 µm) with an injection volume of 3 µL, by using a BEH C18 1. The cell viability determination of the ethanolic extract of A. lechuguilla (50.0 µg/mL) against six different cell lines was carried out: K-562 (chronic myeloblastic leukemia), HCT-15 (colon), MCF-7 (breast), PC-3 (prostate), U-251 (central nervous system) and SK-LU-1 (lung), with doubling times of 19.0 h, 18.1 h, 25.6 h, 28.7 h, 25.4 h and 25.4 h, based on this, the cell density was calculated 5000, 10,000, 5000, 7500, 7500 and 7500 cells/well, respectively; additionally, the cell line Cos-7 (monkey kidney) was used as control. The cell lines were provided by the Biological Testing Laboratory of the Chemistry Institute (Laboratorio de Pruebas Biológicas del Instituto de Química, UNAM, Mexico City, Mexico). The cells grew in RPMI-1640 culture medium supplemented with 10% FBS and with a mixture of 10.0% antibiotics-antimycotics and 2 mM glutamine. With the exception of line K-562, the remaining cell lines adhere to the culture bottles, to harvest them 1 mL Trypsin-EDTA (0.05%) is added, then the cells are detached from the plastic substrate by adding between 5-10 mL of culture medium to inactivate the trypsin. The cell suspension is centrifuged for 3 min (2000 RPM). Once the cellular package is formed, the culture medium is added to suspend them. Thirty microliters of inoculum are taken and mixed with 30 µL of trypan blue. The inoculum corresponds to 100 µL/well at the density described above. Each microplate was inoculated with two cell lines in triplicate, and incubated for 24 h at 37 • C, in an atmosphere of 5% CO 2 and 95% relative humidity. The ethanolic extract of the A. lechuguilla was dissolved in DMSO (Sigma-Aldrich, St Louis, MO, USA), to form a stock solution stored at −20 • C.
The stock solution was dissolved in culture medium to obtain 0.1% DMSO, then it was sterilized by filtration prior treatment and 100 µL were added, with a final volume of 200 µL/well. The microplate is incubated for 48 h under the same conditions previously mentioned. At the end of the incubation of the extract, the cell lines were fixed in situ by adding 50 µL of cold TCA 50.0%, incubated at 4 • C for 60 min, the supernatant was discarded, and the plates were washed five times with deionized water and dried at room temperature. The staining of the fixed cells was performed with a 0.4% SRB solution and incubated for 30 min at room temperature. The unbonded FBS was washed three times with 1.0% acetic acid and dried at room temperature. 100 µL of Tris buffer were added to the stained microplates and shaken for 10 min. The optical density was measured at λ-515 nm to the stained microplates [49] . Optical densities were averaged for the wells treated with the compound (ODt), the wells treated with DMSO (ODc) and the control wells, i.e. those that do not have cells, but have a compound (ODb). The IC was calculated with the following formula [50] :
3.6. Viability Assay by 3-(4,5-DiMethyl-2-Thiazolyl)-2,5-Diphenyl-2H-Tetrazolium Bromide
The cell viability through MTT formazan (Sigma-Aldrich, MO, USA) by the mitochondrial succinate dehydrogenase is present only in living cells. The absorbance value of formazan is directly proportional to the number of viable cells [51] . The fraction of A. lechuguilla extract was dissolved in DMSO (Sigma-Aldrich, MO, USA), to form a stock solution that was stored at −20 • C. The stock solution was dissolved in RPMI-1640 culture medium supplemented with 10% FBS and 1% antibiotic-antimycotic to obtain 0.1% DMSO, then it was sterilized by filtration prior treatment [52] , they were exposed with the extracts at 24 and 48 h, with extract concentrations of 0.3 up to 300 µg/mL, DMSO was used as negative control (0.1%), and as positive control (5.0 µg/mL) (Paclitaxel from Taxus brevifolia, Sigma, Cat. No. T7402). The 96-well microplates were incubated with 8000 cells/well at 37 • C, 5% CO 2 and 95% relative humidity for 24 and 48 h. At the end of the treatment, they were removed and washed with PBS 1× twice to remove any residue, and 100 µL of MTT were added (1× = 5 mg/mL dissolved in medium without serum) per well and incubated for 4 h at 37 • C to allow the metabolism and formation of formazan crystals in darkness. At the end of this period, the supernatant of each well was removed and 100 µL of DMSO were added to allow solubilization of the formazan. The assays were performed in three independent replicates by triplicate. With the absorbance values obtained, the percentage of cell viability was calculated with the following formula:
The IC 50 was calculated by means of a nonlinear regression analysis (percentage of viability vs. concentration Log) with the GraphPad Prism software (v7.00 GrapPad Software Inc., La Jolla, CA, USA).
Phosphatidylserine Translocation (Annexin V-APC)
We used the Apoptosis Detection Kit (Annexin V-APC Apoptosis Detection Kit BD Pharmigen), and the procedure was performed according to the manufacturer's protocol. SK-LU-1 cells were seeded in RPMI-1640 medium supplemented with 10% FBS and 1% antibiotic-antimycotic solution. When obtaining sufficient confluency of cells, these were seeded in 6-well plates at a density of 5000 cells/well, they were left 24 h to allow the adherence of the cells. After that, the cells were stimulated with the IC 50 of the extract fraction of A. lechuguilla, DMSO (0.1%) was used as a negative control and Paclitaxel (5.0 µg/mL) as positive control. The assays were carried out at 6, 12 and 24 h, after that time the cells were trypsinized and collected in cytometry tubes, centrifuged at 1400 RPM for 5 min, and the supernatant was discarded.
The cells were resuspended in 500 µL of binding buffer (1×), 1 µL of Annexin V-APC and 1 µL of 7-AAD were added and the samples were incubated for 15 min in the dark. Finally, samples were read on an Accuri flow cytometer (Becton Dickinson, San Diego, CA, USA), and analyzed with the FlowJo software (v10.4.2 LLC, Ahsland, OR, USA).
In Silico Analysis
To explore the structural mechanism by which these molecules present in the fractionated hydrolyzed extract of lechuguilla, an in silico analysis through molecular docking was performed. Computational dockings calculations were carried out by using the DockingServer [53] the codes in square bracket refer to protein data bank entries (protein crystal structures). Molecules were downloaded from PubChem and the docetaxel and dimer of flavonoid were designed by using ChemProfessional 15.0 (v15.0.0.106 Chemdraw, PerkinElmer Informatics, MA, USA). Gaesteiger partial charges were added to the ligand atoms. Non-polar hydrogens atoms were merged, and rotatable bonds were defined. The MMFF94 force field was used for the energy minimization of ligand molecules. Docking simulations were performed by using the LGA. Each docking experiment was derived from 100 different runs that were set to terminate after a maximum of 2,500,000 energy evaluations. The population size was set up to 150. During the search, a translational step of 0.2 Å, and quaternion and torsion steps of 5 were applied.
Conclusions
The biflavonoid found by mass spectrometry, together with the flavonoids kaempferol and quercetin, turned out to be a mixture with synergistic activity on the cell viability of SK-LU-1, considering the IC 50 , the induction of apoptosis and the possible activation of the signaling pathways both extrinsic and intrinsic, and blocking signaling on the EGFR and K-Ras, were studied through molecular docking. The reduction of cell viability is not related to the antioxidant capacity, it rather depends on the specific interaction of the ligands with the membrane receptors of the signaling pathways of the induction of apoptosis. Molecular docking enabled us to demonstrate that the variety of molecules allows the generation of interactions with death receptors that provoke apoptosis by the extrinsic pathway; as well as through the intrinsic pathway by tBID, as generator of the cytochrome C formation, and consequently, the activation of caspase-3, amplifying the apoptotic signal, in addition to showing possible inhibition in EGFR and K-Ras by stopping the growth of lung cancer cells. In general, the mixture of the three flavonoids (kaempferol, quercetin y biflavonoid) can be used as therapeutic targets, due to the activation of death receptors and caspases-3 and -8.
It is necessary to carry out studies on the interaction of the ligands, receptors and proteins involved in the signaling pathways, along with to evaluating the response of the extract on carcinogenic lines that present the K-Ras mutation as: colon, pancreas or thyroid, as well as the effect of the extract enriched in flavonoids in vivo. 
